at 3 hospitals within a large healthcare system in the northeastern Background and Purpose-Accurate prediction of acute ischemic stroke (AIS) caused by anterior large vessel occlusion (LVO) that is amendable to mechanical thrombectomy remains a challenge. We developed and validated a prediction model for anterior circulation LVO stroke using past medical history elements present on admission and neurological examination. Methods-We retrospectively reviewed AIS patients admitted between 2009 and 2017 to 3 hospitals within a large healthcare system in the United States. Patients with occlusions of the internal carotid artery or M1 or M2 segments of the middle cerebral artery were randomly split into 2/3 derivation and 1/3 validation cohorts for development of an anterior circulation LVO prediction model and score that was further curtailed for potential use in the prehospital setting. Results-A total of 1654 AIS were reviewed, including 248 (15%) with proximal anterior circulation LVO AIS. In the derivation cohort, National Institutes of Health Stroke Scale score at the time of cerebrovascular imaging, current smoking status, type 2 diabetes mellitus, extracranial carotid, and intracranial atherosclerotic stenosis was significantly associated with anterior circulation LVO stroke. The prehospital score was curtailed to National Institutes of Health Stroke Scale score, current smoking status, and type 2 diabetes mellitus. The areas under the curve for the prediction model, prehospital score, and National Institutes of Health Stroke Scale score alone were 0.796, 0.757, and 0.725 for the derivation cohort and 0.770, 0.689, and 0.665 for the validation cohort, respectively. The Youden index J was 0.46 for a score of >6 with 84.7% sensitivity and 62.0% specificity for the prediction model. Conclusions-Previously reported LVO stroke prediction scores focus solely on elements of the neurological examination.
M echanical thrombectomy provides significantly better functional outcomes than the best medical therapy in acute ischemic stroke (AIS) caused by large vessel occlusion (LVO) of the anterior circulation. [1] [2] [3] [4] [5] Early recognition of LVO is critical to timely allocate patients to comprehensive stroke centers and offer this treatment. 6 Commonly, prehospital scores contain several National Institutes of Health Stroke Scale (NIHSS) score items that are used by emergency medical service providers to quickly identify patients at risk for LVO. 7, 8 Exploration of additional variables is required to further improve the prediction of LVO, particularly in the prehospital setting. The purpose of this study was to develop and validate a prediction model for anterior circulation LVO stroke consisting of past medical history elements present on admission and neurological examination.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
United States were retrospectively reviewed. We focused on patients identified through the American Heart Association Get With The Guidelines-Stroke center initiative 9 who had also been enrolled in a healthcare system-wide bio-banking exome sequencing program aimed at linking genetic samples and electronic health records data as part of a precision health initiative. The database was created to provide a framework for genetic investigation of diseases including stroke. The cohort comprised white patients only. The present study employed a subgroup analysis of this database. The institutional phenomic analytics and clinical data core performed electronic health record data extraction from the clinical documentation improvement specialist and various disparate data sources, followed by subsequent manual chart review (N. Sofoluke, M.D. Adams, and S. Kunaprayoon to verify the accuracy of diagnosis of AIS and document subsequent clinical management. Recruitment for the exome sequencing program was random and unrelated to the stroke diagnosis. Still, to assess for selection bias, patient demographics and cardiovascular and cerebrovascular risk factors were also obtained for all AISs admitted during the study period. Ethics approval was obtained from the local institutional review board, and informed consent was waived.
Patient Characteristics, Clinical Variables, and Outcome Measures
Diagnosis of AIS was based on the neurological examination and corresponding neuroimaging. Ischemic strokes were classified according to published TOAST criteria (Trial of ORG 10172 in Acute Stroke Treatment) 10 by individual chart review. The NIHSS was obtained at the time of cerebrovascular imaging. The diagnosis of LVO was based on noninvasive imaging (computed tomography angiography [CTA] or magnetic resonance angiography [MRA] of head and neck) and digital subtraction angiography (DSA). There was no upper time limit from stroke onset to cerebrovascular imaging. Proximal anterior circulation LVO was defined as occlusion of the internal carotid artery or the M1 and M2 segments of the middle cerebral artery, as those have been extensively studied in the context of mechanical thrombectomy. [1] [2] [3] [4] [5] Anterior cerebral artery LVO, albeit in the anterior circulation, was not included in the anterior circulation LVO prediction model since mechanical thrombectomy is less established in this territory. A number of clinical and imaging variables characterizing the AIS were collected (blinding during collection was not possible). Extracranial carotid or intracranial atherosclerotic stenosis was defined as narrowing of the lumen of 50% or greater on carotid ultrasound, CTA or MRA, or DSA. Intracranial atherosclerosis present in any cerebral vessel was included. Anemia was defined as hemoglobin levels below 12 g/dL in women and 13 g/dL in men. Functional outcome was assessed using the modified Rankin Scale (mRS), with mRS score of 0 to 2 representing a favorable and mRS score of 3 to 6 representing an unfavorable functional outcome (mRS score of 6 death).
Derivation and Validation Cohorts
For the development of an anterior circulation LVO prediction model, only LVOs of the internal carotid artery, M1, or M2 segments of the middle cerebral artery were included. Next, the cohort was randomly split into 2/3 derivation and 1/3 validation cohorts. From the derivation cohort, a prediction score for anterior circulation LVO was obtained using a multivariable binary logistic regression model. The β coefficients were used to create proportional scores. Consequently, this score was tested in the validation cohort.
Statistical Analysis
Continuous variables are presented as mean±SD, and categorical variables are presented as frequency and percent. Univariable analyses were performed using binary logistic regression, χ 2 , and Fisher exact tests, as appropriate. Post hoc testing for crosstabs exceeding 2×2 dimension was performed by calculating adjusted standardized residuals (z scores) and associated P values. Significance was evaluated after Bonferroni correction. Multivariable analysis was performed by integrating variables with a possible association (P<0.15) with LVO. Stepwise backward elimination was performed, and P values of <0.05 were considered statistically significant. Collinearity diagnostics were performed assessing correlation coefficients and variance inflation factors. Discrimination of predictive models was performed using the area under the receiver operating characteristic curve (AUC). Analysis of AUC, sensitivity/specificity criteria were calculated with MedCalc. Calibration of scores was tested using Hosmer and Lemeshow test. Comparison of receiver operating characteristic curves was performed using DeLong test. Statistical analyses, creation of figures and charts were performed using IBM SPSS version 22, MedCalc, MS Excel, and Adobe Photoshop CS5.
Results

Patient Characteristics
Between October 1, 2009, and December 31, 2017, a total of 7503 AISs were admitted. Sex, cardiovascular and cerebrovascular risk factors such as prior transient ischemic attack or stroke, coronary artery disease, and chronic obstructive pulmonary disease were equally frequent between exome-sequenced and nonsequenced cohorts (Table I and Figure I in the onlineonly Data Supplement). Of those, 1654 strokes were enrolled in the exome sequencing program and included in this analysis. Mean age of patients at the time of stroke was 67.7±13.5 years. According to TOAST classification, stroke was attributed to cardioembolism (30.5%), large-artery atherosclerosis (24.1%), small vessel occlusion (16.0%), stroke of undetermined cause (25.9%), and stroke of other determined cause (3.5%). In patients with strokes classified as cardioembolic, an ECG and echocardiography were obtained in 99.0% and 80.6% of the cases, respectively. Median NIHSS was 3; the majority of strokes (78.9%) had scores below 7 (Table II in the online-only Data Supplement). LVO was detected in 362 strokes (21.9%). For the development of an anterior LVO prediction model, 114 (6.9%) LVOs not located at the internal carotid artery, M1 or M2 middle cerebral artery segments were excluded, resulting in 248 (15.0%) anterior circulation LVOs (Table 1) . LVO was (Table 3) , assigning points for total NIHSS (weight 1+ per point), current smoking status (+3 points), history of extracranial carotid atherosclerotic stenosis (+7 points) and intracranial atherosclerotic stenosis (+4 points), and subtracting points for DM2 (−6 points).
In the derivation cohort, the prediction model score yielded an AUC of 0.796 (95% CI, 0.769-0.821). The prediction model 
Validation of the LVO Prediction Score
The validation cohort was comprised of 83 LVOs out of 514 strokes (16.1%). The validation cohort was used to assess validity of the prediction model and the curtailed prehospital score. Using the prediction model, the AUC was 0.770 (95% CI, 0.729-0.806). The Youden index J was 0.46 for a score of >6 with 84.7% sensitivity and 62.0% specificity. Additional sensitivity, specificity, positive, and negative predictive values are given in Table 4 
Discussion
Early prediction of acute ischemic LVO stroke is critical for timely triage of patients amenable to mechanical thrombectomy, as earlier endovascular intervention provides better functional outcomes. 6 Prior studies predicted LVO with various scores using a breakdown of the original NIHSS, since the NIHSS represents the most accurate predictor of LVO.
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To simplify and shorten scoring in the prehospital setting, breakdown of the rather complex original NIHSS has repeatedly been investigated. The current study addresses a broad array of individual stroke-related variables to identify additional predictors of anterior circulation LVO stroke. We found NIHSS, current smoking status, prevalence of intracranial atherosclerotic disease and extracranial atherosclerotic carotid stenosis, as well as DM2 to independently associate with anterior circulation LVO stroke. Our model predicted LVO stroke more accurately than NIHSS alone, which highlights the importance and utility of past medical history items present on admission. Consideration of documented past medical history is particularly valuable when a single healthcare system provides longitudinal care to the patient. The present study was performed in a healthcare system in the northeastern United States with 29 counties of the service area designated as rural. The system also provides care to a remarkably stable population (with the exception of 2 counties, the out-migration rate is <1% per year), which offers the opportunity to review the past medical history that has been documented in the electronic health record while the patient is en route and before noninvasive cerebrovascular imaging has been obtained. The non-NIHSS factors that we identified as significant may also be valuable in the decision to transfer the patient to a comprehensive instead of a primary stroke center. 
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Selection Bias in Study Cohort
Recruitment for the exome sequencing program was random and unrelated to the stroke diagnosis. 20, 21 Comparison of the study cohort (exome-sequenced) of AISs to nonsequenced strokes admitted during the study period demonstrated comparable demographics. While distinct cardiovascular and cerebrovascular risk factors such as prior transient ischemic attack or strokes, coronary artery disease, and chronic obstructive pulmonary disease were evenly distributed, others were more frequent in either the study cohort or the nonsequenced cohort. Overall, absolute risk factor frequency differences were moderate at best, ranging from 0.4% to 9.8%. Importantly, cardiovascular and cerebrovascular risk factors in both groups counterbalanced evenly. Thus, an unintended selection bias can be neglected. Distribution of TOAST stroke subtypes and NIHSS were comparable to other large stroke studies.
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Proposed LVO Stroke Scales Based on NIHSS
Whether emergency medical services should bypass primary stroke centers to comprehensive stroke centers with endovascular treatment on the basis of suspected LVO is under debate. Early identification of LVO patients is crucial for appropriate transfer, thus various LVO prediction scores have been proposed although with notable variability in sensitivity (0.61 in the Prehospital Acute Stroke Severity Scale 11 to 1.00 in the Vision, Aphasia, Neglect Scale ). Some scores have primarily been designed to assess risk stratification of LVO in a prehospital setting by non-neurologists and emergency medical service providers (Rapid Arterial Occlusion Evaluation Scale, 16 Los Angeles Motor Scale, 19 and Vision, Aphasia, Neglect Scale
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). In the present study, the AUC values for the derivation and validation cohorts were 0.796 and 0.770, respectively. Presence of DM2, absence of extracranial carotid and intracranial atherosclerotic stenosis, and a low NIHSS score in nonsmokers yielded a prediction score of ≤5, resulting in a negative predictive value of >95%. In contrast, a NIHSS of ≥10 in the smoking, nondiabetic stroke patients also suffering from extracranial carotid and intracranial atherosclerotic stenosis yielded a score of ≥24, resulting in a predictive value of >87%. These findings, when compared with the aforementioned scoring systems, raise the possibility that they might be augmented by inclusion of the past medical history items identified in the present study. Although atherosclerotic stenosis may not be known until cerebrovascular imaging is obtained, smoking and diabetes mellitus history can be readily obtained in the field and represent important elements of the prehospital score supplementing NIHSS. There was no upper time limit from stroke onset to cerebrovascular imaging in acute stroke patients in the current study. The purpose of the study was to detect LVO and not whether LVO patients were eligible for mechanical thrombectomy. While randomized trial data found mechanical thrombectomy beneficial up to 24 hours from stroke onset, 23 patients with exceptionally favorable penumbra to core ratio may benefit from thrombectomy even beyond 24 hours with successful cases reported up to 120 hours from onset. 24 A recent DEFUSE 3 (Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke) post hoc analysis showed a persistent favorable target mismatch profile >38 hours after last known well time in 20% of the medical arm patients. Still, only 10% of those patients had a favorable outcome at 90 days, implying a potential role for mechanical thrombectomy even beyond 24 hours.
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Non-NIHSS Factors Associated With AIS Caused by Anterior Circulation LVO
DM2 was significantly more frequent in patients with non-LVO ischemic stroke in our cohort. Therefore, 6 points were subtracted for presence of DM2. Association of DM2 with lacunar ischemic stroke has also been observed by Tanizaki et al 26 who found a relative risk of 2 in their community-based prospective cohort study in Japanese. Others also reported DM2 as a risk factor for lacunar infarction, 27 likely owing to microangiopathic small vessel disease. 28 Ntaios et al 29 compared risk factors for small vessel occlusion and large-artery atherosclerotic strokes in diabetic patients. A total of 1069 patients from 4 European prospective stroke registries were analyzed. They found peripheral atherosclerotic disease and smoking to be predictive for diabetic patients suffering from large-artery atherosclerotic stroke rather than small vessel occlusive stroke. Hence, DM2 is involved in both macro-and microvascular pathologies that result in stroke, whereas generalized atherosclerosis and smoking appear to increase the risk for large-artery atherosclerotic stroke. These observations match our findings, where patients with extracranial carotid and intracranial atherosclerotic stenosis and current smoking were more likely to suffer from LVO, with large-artery atherosclerosis representing a major source of LVO. We also found intake of oral antidiabetic medication to be associated (P=0.001) with non-LVO ischemic strokes compared with LVO strokes. However, it remains to be determined whether intake of oral antidiabetic medication is a mere indicator of DM2 or whether it is integrated in the pathophysiology of LVO.
LVO may result from extracranial and intracranial largeartery atherosclerotic plaque rupture and thrombosis with or without associated embolization (the primary entity of LVO in the current study), cardioembolism, or unidentified causes. [30] [31] [32] Atrial fibrillation is the primary risk factor for cardioembolic stroke. Recently, Inoue et al 33 reported presence of atrial fibrillation and a systolic blood pressure of maximum 170 mm Hg in ischemic stroke patients presenting with NIHSS >7 to be predictive for LVO. This cohort differed from ours as follows: the rate of 32/56 LVO patients (57.1%) suffering from atrial fibrillation in their cohort significantly exceeded our rates of 44/165 (26.7%) in the derivation and 19/83 (22.9%) in the validation cohorts. Second, among the LVO patients in the Japanese cohort, 21.4% had a prior stroke, and 57.1% had atrial fibrillation. Anticoagulants and antiplatelet medications were only administered to 17.9% and 19.6%, respectively. Third, in our study NIHSS of 7 or higher was present in 21.1% of the entire cohort, that is, the majority of patients presented with NIHSS below 7. In contrast, in the study of Inoue et al 33 the majority the patients presented with more severe AISs (ie, NIHSS ≥8).
Limitations
Data collection and analysis were performed retrospectively and, as such, are subject to incomplete datasets. The individual elements of the NIHSS were not consistently documented, thus existing prehospital LVO prediction scores could not be validated. The study included mostly patients with AIS presenting before 2015, at which time the benefit of mechanical thrombectomy for LVO stroke had not yet been proven. Also, past medical history items may be more difficult to obtain if no immediate contact or family members are available or in areas where the fluctuation of patients between healthcare providers is high. Attribution of extracranial carotid and intracranial atherosclerotic stenosis was not assigned to a specific site. In this context, pathophysiological concepts cannot be evaluated. In contrast, inclusion of global presence of either of these past medical history items allows for integration into a scoring system in a clinical setting. Accounting for each NIHSS point is clinically less practical. Using the prediction model with a dichotomized NIHSS cut off value of 6 (the 75% percentile of NIHSS distribution in the present study cohort), however, was inferior to the prediction model using each NIHSS point. AUC values of 0.6 to 0.7 are moderate at best. Thus, curtailing the prediction score mitigated predictability of LVO. Comparison to existing prediction scores was not feasible due to lack of NIHSS element documentation. The present model warrants validation in a larger cohort. Whether a prehospital score, such as the LAMS or FAST-ED, could be augmented by past medical history items remains to be determined.
Conclusions
Use of prediction scores may improve triage of suspected and subsequently confirmed LVO strokes to comprehensive stroke centers. Previously reported LVO stroke prediction scores focus solely on elements of the neurological examination. In addition to the NIHSS, smoking, DM2, extracranial carotid, and intracranial atherosclerotic stenosis were associated with anterior circulation LVO AIS in the current study. Although atherosclerotic stenosis may not be known until cerebrovascular imaging is obtained, smoking and diabetes mellitus history can be readily obtained in the field and represent important elements of the prehospital score supplementing NIHSS. Our findings suggest that further investigation is needed to confirm the above risk factors and test for additional ones, in addition to NIHSS-related items, that optimally predict LVO stroke.
